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Abstract - Multiscale models for fusion reactor materials address both the initial stages of production of radiation defects, where the
recently discovered power law statistics of defect production [1] provides a fundamental insight into the nature of high-energy
processes occurring over the first few nanoseconds of microstructural evolution, and long-term evolution resulting in embrittlement
and swelling of materials. High- resolution X-ray diffraction methods make it possible to detect swelling resulting from the
accumulation of invisible radiation defects on the micron spatial scale [2], which can be explained using a hierarchy of methods
involving density functional theory, atomistic simulations and statistical elasticity.

Density functional methods offer insights into the origin of phase stability of ternary magnetic alloys, where interplay between alloy
disorder and magnetism determine the fine balance of stability of ferritic or austenitic, or even more complex, alloy phases [3]. Of
particular interest to applications are the developments in statistical discrete treatment of dynamics of defects and dislocations [4,5],
where lattice discreteness [4] and elastic interaction between the nano-scale dislocation objects [5] play unexpectedly strong roles and
fundamentally influence microstructure.

The need to model magnetic materials has stimulated the development of dedicated simulation techniques, including spin-lattice
dynamics [6] and magnetic cluster expansion, which generalise molecular dynamics and cluster expansion to magnetic metals and
alloys. These methods extend electronic structure-based methods to time-dependent classical dynamics of atoms and magnetic
moments and help explore magnetic configurations of complex alloys.
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